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PACKAGED CHIP DEVICES WITH ATOMIC
LAYER DEPOSITION PROTECTIVE FILMS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This patent application claims priornity from U.S. Provi-
sional Patent Application No. 60/945,209 entitled APPLICA -

TIONS FOR ATOMIC LAYER DEPOSITION FILMS,
which was filed on Jun. 20, 2007 1n the name of John R.
Martin and 1s hereby incorporated herein by reference 1n 1ts
entirety.

FIELD OF THE INVENTION

The present invention relates generally to applications for
Atomic Layer Deposition Films, particularly in MEMS and
semiconductor products and processes.

BACKGROUND

Atomic Layer Deposition (ALD) 1s a relatively old process
that deposits near-perfect layer-by-layer films onto surfaces
based on sequential self-limiting surface reactions. Early
ALD processes were demonstrated 1 the 1970s through
1990s (e.g., U.S. Pat. No. 4,038,430; U.S. Pat. No. 4,389,973;
Kumagai, H. et al., Comparative study of Al,O, optical crys-
talline thin films grown by vapor combinations of AI(CH,),/
N,O and Al(CH,)y/H-,0,, Jpn. Appl. Phys., 32, 6137 (1993);
all of which are hereby incorporated by reference in their
entireties.

The following 1s a general description of an ALD process:

Step 1. Gas Molecule A + Reactant gas
l
Surface A (Single Layer) + By-product gas
Step 2. Purge
Step 3. (Gas Molecule B + Reactant gas
!
Surface B (Single Layer on A) + By-product gas
Step 4. Purge

The deposition process 1s normally preceded by a light N,
plasma clean. Molecule A 1s typically a metallo-organic spe-
cies. Species A and B react with one another. Steps 1-4 are

typically repeated a number of times 1n order to produce an
ALD film with composition ABABAB. ... It should be noted
that the A-B sequence may terminate with either A or B as the
top layer; additional layers may be formed on the ALD film,
some examples of which are described below. Thickness 1s
controlled by the number of AB sequences. Most ALD films
are dielectric, but conductive and bilayer films can also be
produced.

In one specific example of an ALD process that produces
an aluminum oxide (*alumina™) film, Molecule A 1s A1(CH,),
while Molecule B 1s H,O. The reactions are as follows:

Al(CH3); + AIOH* —— AIO - Al(CH;3),* + CH,4

H>O + AICH5* —» AJOH* + CHy
Overall Reaction

2 AI(CH;); +3H,O0O ——= AlL,O;+ 6 CH,
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where the asterisk (*) indicates a surface species. In this
example, each AB layer adds approximately 1.25 angstroms

of thickness to the film.

Published data suggests that 25 angstroms of alumina AL D
on polymer films (including polyimides) does not signifi-
cantly reduce gas and water permeation, 50 angstroms pro-
vides approximately 10-times reduction 1n permeation rates,
and 100 angstroms reduces moisture transmission by more
than 100 times (see Groner, M. D. et al., Gas diffusion barvi-
ers on polymers using AL,O, atomic laver deposition, Appl.
Phys. Letters, 88(5) 051907 (2006), which 1s hereby incor-
porated herein by reference 1n its entirety).

In another specific example, an ALD film 1s formed of
Al,O,—T10, bilayers (1.e., alternating layers of Al,O, and
T10,). Experimental data suggests that such alumina-titania
bilayer films are better barriers than films formed with just
one of these materials. Such ALD films may be deposited at
approximately 60° C., although higher temperature processes
would generally produce denser films with better electrical
properties.

Traditionally, ALD processes were run at high tempera-
tures (e.g., near or above 500° C.). However, there have been
a number of papers published showing that ALLD films can be
produced at lower temperatures (e.g., <200° C.). A University
of Colorado group has published extensively using a 177° C.
process and have shown process capabilities as low as 35° C.
See, Tor example, Hoivik, Nils D. et al., Atomic layer depos-
ited protective coatings for micro-electromechanical sys-
tems, Sensors and Actuators A 103 (2003) 100-108; Her-
mann, C. F. etal., Hydrophobic Coatings Using Atomic Layer
Deposition and Non-Chlovinated Precursors; and Herman,
Carl F. et al., Conformal hvdrophobic coatings prepared
using atomic layer deposition seed layers and non-chlovi-
nated hvdrophobic precursors, J. Micromech. Microeng. 15
(20035) 984-992; all of which are hereby incorporated herein
by reference in their entireties. Generally speaking, ALD
films deposited at low temperature are amorphous, tend to
retain some carbon and hydrogen, and typically have lower
dielectric strength than high temperature ALD films.

SUMMARY OF THE INVENTION

In accordance with one aspect of the ivention there 1s
provided apparatus including a packaged chip device includ-
ing a chip device disposed 1n a package having at least one
clectrical contact allowing for electrical connection to the
chip device and a low-temperature iorganic dielectric
atomic layer deposition film disposed on an outer surface of
the packaged chip device and covering the at least one elec-
trical contact, the atomic layer deposition film being of a
thickness suilicient to allow electrical connection to the at
least one electrical contact through the atomic layer deposi-
tion film without having to expose the at least one electrical
contact.

In various alternative embodiments, the chip device may
include an integrated circuit device and/or a MEMS device
(e.g., a MEMS accelerometer or a MEMS gyroscope). The
packaged chip device may be non-hermetic (e.g., plastic), in
which case the atomic layer deposition film may hermetically
envelop the packaged chip device. The atomic layer deposi-
tion {ilm may passivate the at least one electrical contact.

In other embodiments, a passivation material (e.g., a self
assembling monolayer material such as, for example, octyl-
trichlorosilane or pertluorodecyltrichlorosilane) may be dis-
posed over the atomic layer deposition film.

In still other embodiments, the packaged chip device may
include an opening, 1n which case the atomic layer deposition
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f1lm may cover structure exposed through the opening so as to
protect the structure from exposure to the external environ-
ment. The structure exposed through the opeming may include
such things as a wire bond pad, an interconnect, a circuit, or a
moving part. For example, the chip device may include a
MEMS microphone device and the atomic layer deposition
film may cover an exposed diaphragm of the MEMS micro-
phone device. The chip device may include other types of
MEMS devices (e.g., MEMS pressure sensor, MEMS flow
sensor, MEMS microswitch) and the atomic layer deposition
f1lm may cover an exposed structure of such devices.

In yet other embodiments, the apparatus further includes a
substrate such as a circuit board, wherein the packaged chip
device 1s soldered to the circuit board directly through the
atomic layer deposition film.

In yet other embodiments, the apparatus further includes a
substrate such as a circuit board, wherein the chip device 1s a
chip scale package that 1s soldered to the circuit board directly
through the atomic layer deposition film.

In yet other embodiments, the apparatus further includes a
substrate such as a circuit board, wherein the at least one chip
device, packaged or unpackaged, 1s mounted on the substrate
betore deposition of the atomic layer deposition film.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and advantages of the invention will be
appreciated more fully from the following further description
thereol with reference to the accompanying drawings
wherein:

FI1G. 1 shows a cross-sectional schematic view of an exem-
plary packaged chip device including a low-temperature ALD
film, 1 accordance with an exemplary embodiment of the
present invention;

FI1G. 2 shows a cross-sectional schematic view of the pack-
aged chip device of FIG. 1 soldered to a circuit board directly
through the ALD film without first exposing the electrical
contacts, 1n accordance with an exemplary embodiment of the
present invention; and

FI1G. 3 shows a cross-sectional schematic view of an exem-
plary open-packaged chip device including an AL D film cov-
ering exposed structures such as wire bond pads, interconnect
areas, circuit areas, and moving parts exposed to the environ-
ment (e.g., a MEMS microphone diaphragm), in accordance
with an exemplary embodiment of the present invention.

It should be noted that the foregoing figures and the ele-
ments depicted therein are not necessarily drawn to consistent
scale or to any scale. Unless the context otherwise suggests,
like elements are indicated by like numerals.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

As used 1n this description and the accompanying claims, a
low-temperature atomic layer deposition (ALD) film 1s an
ALD film that 1s deposited at a temperature below around
200° C. and typically below around 175° C.

Various embodiments 1n this invention cite chip packages
as “plastic packages” for clarity because this 1s a common
form. Plastics are polymeric materials. Polymeric materials
may, or may not, incorporate fillers, and can be manufactured
in many forms including coatings, moldings parts, elastomers
and gels. As used 1n this invention, the term “plastic” descrip-
tions should be interpreted in this broad polymer context.

Certain embodiments relate to chip devices such as, for
example, electronic devices (e.g., integrated circuit devices),
MEMS devices (e.g., mertial sensors such as accelerometers
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and gyroscopes, microphones, pressure sensors, tlow sensors,
microswitches, composition sensors that characterize permit-
tivity or other conditions, optical devices, etc.), and integrated
MEMS devices including both electronic circuitry and mov-
ing structures, to name but a few. Such chip devices may be
capped (e.g., using a plastic/polymer cap, a metal cap, a
ceramic cap, a glass cap, or a so-called “film cap™ as described
in the provisional patent application incorporated by refer-
ence above) or uncapped. Capped chip devices may or may
not be hermetic.

Such chip devices are often provided 1n a packaged form,
for example, 1n a plastic/polymer package, in a metal pack-
age, 1n a ceramic package, i an epoxy package, or mounted
to a substrate such as a circuit board. Such packaged chip
devices typically include exposed electrical contacts (leads)
allowing for electrical connections to the chip device. Pack-
aged chip devices may or may not be hermetic. Packaged chip
devices can be exposed to a variety of environmental condi-
tions (e.g., air, moisture, chemicals, particulate matter, tem-
perature extremes, mechanical stresses, etc.). Different types
of packaged chip devices can perform differently under dii-
ferent environmental conditions.

For example, plastic packaged chip devices generally are
susceptible to moisture absorption and can exhibit package
failures or unacceptable performance shifts when moisture
absorption 1s excessive. For example, absorbed moisture can
cause delamination (separation of the plastic or the die-attach
from the die or the die paddle) when plastic packaged parts
are soldered onto a substrate such as a circuit board. There-
fore, plastic packaged chip devices are often “dry packed,”
which typically mnvolves drying the devices in an oven, put-
ting the devices onto a tape/reel, and sealing the tape/reel in an
evacuated package. Dry packing adds cost both for the device
supplier and for the customer; once the dry pack1s opened, the
devices generally must be assembled within a specified time
or re-dried (see, for example, IPC/JEDEC J-STD-020, which
1s a standard for determiming Moisture Sensitivity Level of a
product; and IPC/JEDEC J-STD-033B, which specifies re-
bake requirements; both of which are hereby incorporated
herein by reference 1n their entireties. For example, products
rated MSL-3 must be re-baked unless assembled within a
week after the package 1s opened). Coatings of organic mate-
rials such as parylene, board coating, or potting material are
intrinsically permeable to moisture and do not significantly
retard the moisture absorption rate of the package. Further-
more, any such organic coating would have to be selectively
removed from the metal contacts 1n order to allow the device
to be soldered or otherwise electrically connected to the sys-
tem.

Other types of packaged chip devices may have similar
and/or other environmental 1ssues.

In exemplary embodiments of the present invention, a low-
temperature morganic dielectric ALD film (e.g., Al,O, and
T10,) 1s deposited on a packaged chip device so as to coat the
packaged chip device including any exposed electrical con-
tacts. Such a low-temperature ALD film generally can be
deposited without damaging the packaged chip device. The
ALD film 1s typically deposited at a suificient thickness to
provide desired qualities (e.g., hermeticity for the entire pack-
aged chip device, passivation for the electrical contacts, ther-
mal conductivity/dispersion, etc.) but still allow for electrical
connections to be made to the electrical contacts (e.g., by
soldering or otherwise) directly through the ALD film with-
out having to expose the electrical contacts.

FIG. 1 shows a cross-sectional schematic view of an exem-
plary packaged chip device 100 including a low-temperature
ALD film, 1n accordance with an exemplary embodiment of
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the present invention. Among other things, the packaged chip
device 100 includes a chip device 102 encased 1n a package
104 having electrical contacts 106 allowing for electrical
connections to the chip device 102. An norganic dielectric
ALD film 108 1s deposited so as to cover the package 104
including the electrical contacts 106, for example, after prod-
uct branding. The ALD coating is typically deposited at a
suificiently low temperature so as to not damage the package
104, the contacts 106, or the chip device 102 (e.g., <200° C.
and typically <175° C.). The ALD coating can be deposited to
any desired thickness, although 1n specific embodiments, the
ALD coating 1s deposited to a thickness that still allows
clectrical connections to be made to the electrical contacts
106 directly through the ALD film 108 (e.g., by soldering)
without having to expose the electrical contacts 106 (e.g.,
approximately 100-200 angstroms thick, although the film
may be thinner or thicker as appropriate for various applica-
tions). FIG. 2 shows a cross-sectional schematic view of the
packaged chip device 100 soldered to a circuit board 204 via
solder 202 through the ALD film 108 without first exposing
the electrical contacts 106, in accordance with an exemplary
embodiment of the present invention.

Because vapor-deposited ALD films are conformal on an
atomic scale, crevices at the interface between the electrical
contacts 106 and the package 104 should be fully coated and
sealed. Furthermore, such ALD films will generally passivate
the contact leads (e.g., tin plating on the contact leads), so
corrosion during storage should be reduced or eliminated. An
appropriate ALD film of sufficient thickness could be used to
make the packaged device hermetic (or near hermetic), and,
since moisture absorption generally 1s a function of exposure
area and permeation rate, even a scratch on the ALD film
should not destroy 1ts effectiveness 1n typical applications. An
ALD film of approximately 100-200 angstroms thickness
deposited at a low temperature (e.g., <200° C. and typically
<175° C.) should be suflicient to achieve desired barrier
qualities. The low temperature makes deposition of ALD
films 1n the presence of organics practicable, in particular, to
plastic-packaged products. It 1s envisioned that plastic pack-
aged chip devices coated with such ALD films could be rated
as MSL-1 (1.e., no dry pack and unlimited floor life), which
would be advantageous from both a cost perspective and a
competitive perspective. At the described thickness ranges,
the ALD film covering the electrical contacts should break up
and disperse 1n solder as a nano-level trace impurity during
assembly, thus allowing the device to be electrically con-
nected to the system without having to expose the electrical
contacts prior to soldering.

Some chip devices, such as MEMS microphones, pressure
sensors, valves, and flow sensors, must physically communi-
cate with the environment outside of the device package.
Such chip devices typically are mounted in packages that
have an opening to the environment. Such exposure to the
environment makes the chip devices susceptible to reliability
problems arising from such things as moisture, corrosion,
surface leakage, and other forms of chemical attack.

With regard specifically to pressure sensors, 1n order to
help reduce some of the above-mentioned eflfects, pressure
sensors are sometimes covered with a layer of gel or parylene.
Such protective layers are typically useful but have limita-
tions (see, for example, S. Petrovic, A. Ramirez, T. Maudie,
D. Stanerson, J. Wertz, . Bitco, J. Matkin, D. J. Monk,
“Reliability test methods for media-compatible pressure sen-
sors”’, IEEE Trans. Industrial Electron., 45 (6), 877-885
(1998) and S. Petrovic, “Progress in media compatible pres-
sure sensors’’, Proc. of InterPACK’01, the Pacific Rim/Inter-
national Intersociety Electronic Packaging Technical/Busi-
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ness Coni. & Exhibition (ASME, New York 2001)
IPACK2001-15517, both of which are hereby incorporated

herein by reference 1n their entireties).

Similar treatments can be selectively applied to intercon-
nect and circuit areas of a MEMS microphone, but, from a
practical standpoint, gels and parylene generally cannot be
applied over microphone sensing diaphragms because the
added mass would negatively impact its function. Also, wire
bond pads are generally difficult to coat with gel 1f the adja-
cent diaphragm must be kept free of gel.

Therefore, in exemplary embodiments, a protective ALD
film 1s deposited on the exposed structures, including wire
bond pads, interconnect areas, circuit areas, and even any
moving parts exposed to the environment (e.g., the MEMS
microphone diaphragm). An ALD film of approximately 100
angstroms thickness should be 1nsignificant 1n terms of the
diaphragm mass and 1ts dynamic response while protecting
those structures. Even 1n this thickness regime, ALD films
typically have barrier and dielectric characteristics that make
them effective as passivation films to protect devices from
environmental effects. Deposition of an ALD film onto pack-
aged parts like microphones and pressure sensors after they
are assembled also would protect bond pad regions, the wire
itself, and other susceptible structures/materials and therefore
would tend to provide enhanced reliability.

FIG. 3 shows a cross-sectional schematic view of an exem-
plary open-packaged chip device 100 including an ALD film
108 covering exposed structures such as wire bond pads,
interconnect areas, circuit areas, and moving parts exposed to
the environment (e.g., a MEMS microphone diaphragm), in
accordance with an exemplary embodiment of the present
invention. The chip device 102 may be a MEMS microphone,
pressure sensor, flow sensor, microswitch, or other type of
chip device.

In both open and closed packaged chip devices coated with
an ALD film, the top surface of the ALD film may be passi-
vated (e.g., using an organic substance such as perfluorode-
cyltrichlorosilane (FDTS)) in order to make the film hydro-
phobic. A hydrophobic film might be particularly usetul for
an open-packaged MEMS microphone, particularly those
used 1n cell phones and other applications where exposure to
moisture 1s expected.

In certain alternative embodiments, a chip device may be
coated within an ALD film that covers one or more electrical

contacts, and the coated chip device may be electrically con-
nected (e.g., soldered) to a substrate such as a circuit board
directly through the ALD film.

In yet other alternative embodiments, a packaged or
unpackaged chip device may be electrically connected (e.g.,
soldered) to a substrate such as a circuit board, and an ALD
f1lm may be disposed over some or all of the exposed surfaces
of the chip device and substrate.

The exemplary embodiments described above are typically
described with reference to the use of low-temperature ALD
films as environmental barriers that protect the chip device or
the plurality of chip devices. However, 1n some embodiments,
the environment must be protected from the chip. For
example, a flow sensor or the flow channel 1n a flow meter or
a composition sensor may need to be biocompatible. Biocom-
patibility 1s not normally a characteristic that 1s considered in
selecting the materials used to manufacture chips and chip
packaging. In these devices, a biocompatible low-tempera-
ture ALD film material would be deposited to shield the
sensitive medium from the device. The top surface of this
ALD film may optionally be passivated with a suitably cho-
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sen substance to make the surface hydrophilic, hydrophobic,
biologically mactive or biologically active, as required by the
application.

As discussed 1n the provisional patent application incorpo-
rated by reference above, ALD films may also be used at the
waler and chip levels.

For example, an ALD film may be deposited to seal a
passivation layer after removal of a sacrificial layer 1n order to
protect the passivation layer from further damage. Such an
ALD film would typically coat not only the passivation layer
but also other exposed components including such things as
micromachined moving parts and electrical contacts, and
therefore the ALD film should be very thin so as to provide a
negligible 1impact on performance of the moving parts and
also to allow for electrical connections to be made directly
through the ALD film without having to first expose the
clectrical contacts. Also, because the ALD film 1s deposited
alter release of the moving parts, the ALD film would pret-
erably be deposited using a technique other than plasma
deposition (e.g., vapor deposition), since plasma deposition
generates electrical charges that could damage the sensitive
moving parts or lead to stiction. In this regard, the ALD layer
should be sufficiently thin to avoid excessive build-up of
clectrical charge that could also lead to stiction.

Also, a device waler may be coated with an ALD film 1n
order to electrically insulate microstructures, for example,
when they are immersed 1n liquid baths or otherwise exposed
to a medium that has significant electrical conductivity,
whether during wafer fabrication or 1n a finished device.
Among other things, an ALD {ilm could be used to electri-
cally 1solate sensitive MEMS resonators and other compo-
nents. The ALD film may be a dielectric film so as to provide
clectrical insulation for the devices. The waler devices may
be MEMS sensors such as accelerometers or gyroscopes or
composition sensors that characterize permittivity among
other things.

Also, an ALD film may be formed as a passivation barrier
on the water so as to eliminate the need for masking to open
areas such as probe and bond pads and metal interconnects.
Specifically, the ALD layer would be formed to an appropri-
ate thickness (e.g., approximately 100 angstroms) that allows
tor watler probing and wire bonding directly through the ALD
film. Such ALD passivation layers may be particularly useful
for microswitch product waters, or any product wafer that 1s
difficult to passivate using standard processes, or, which
would be produced at a lower cost if standard passivation
layers were eliminated. Specifically, one or more ALD pas-
stvation layers would be deposited on a capped MEMS water
such as a capped microswitch wafer after capping in order to
seal the surface, including the interconnect traces, thus sup-
pressing undesirable effects such as electrical leakage and
COrrosion.

Also, an ALD film may be formed as a protective layer over
exposed materials (e.g., aluminum or aluminum alloys) dur-
ing etch processes, specifically HF etch processes. This ALD
film might be approximately 200 angstroms thick, which
should be thin enough to not require removal after the etch
process 1s completed.

Also, ALD films could be used for hard masks, for
example, to enhance marginal masking or passivation, thus
reducing or eliminating the incidence of pitting or excessive
attack on these nearby materials. Here, an ALD film 1s depos-
ited, e.g., on the passivation or before the photoresist, to
enable reliable production and/or reliable performance. In
such embodiments, the ALD film may have a thickness of
around 30 angstroms.
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Also, ALD films could be used to provide electrical inter-
connections and insulators at the water, chip, and/or package
layer. For example, a conductive ALD film may be deposited
in order to form an electrical connection during water level
fabrication with no significant effect on planarity. Similarly, a
dielectric ALD film may be deposited 1n order to provide an
insulating layer. Masking may be used to control ALD depo-
s1tion.

Also, an ALD film may be deposited over a film cap 1n
order to provide hermeticity or other property. The ALD film
would typically be deposited prior to singulation, although 1t
could be deposited after singulation in some nstances. An
ALD film of approximately 100 angstroms thickness may be
used, which should be thin enough to allow for probe and wire
bonding directly through the ALD film. In such an embodi-
ment 1n which the ALD coating makes such a polymer film
cap hermetic, the device may be packaged at low temperature,
so a mechanically compliant die attach could be used (e.g.,
ogyros are extremely stress-sensitive). This polymer film cap
also imposes low mechanical stress on the die, thus allowing
the production of stress-sensitive devices at higher yield or
higher performance than alternative technologies which uti-
lize silicon caps.

Also, an ALD film may be deposited using a high-rate
deposition process that produces a nano-rough surface. The
nano-rough surface could be used, for example, to suppress
stiction 1n products such as microphones and low-g acceler-
ometers or to increase the magnitude of interaction with the
surrounding media (e.g., 1n a composition sensor).

In the above-described embodiments, the ALD film may be
coated with a passivation layer. Among other things, such a
passivation layer may be used to provide hydrophobic prop-
erties, hydrophilic properties, biocompatibility, heat dissipa-
tion or msulation, or other properties. The passivation layer
may include, for example, a self-assembled monolayer
(SAM) coating such as octyltrichlorosilane (OTCS) or per-
fluorodecyltrichlorosilane (FDTS). FDTS has non-stick
properties that may be undesirable 1n certain situations, such
as, for example, situations 1n which the FD'TS coating could
prevent or reduce adhesion of plastic or solder. OTCS might
be a better choice for use i such situations. Other types of
passivation layers may be used, for example, epoxy-based
coatings. As mentioned above, a hydrophobic film might be
particularly useful for coating MEMS microphone structures
that otherwise would be exposed to the environment, particu-
larly those used 1n cell phones and other applications where
exposure to moisture 1s expected.

It should be noted that some exemplary embodiments are
described above with retference to ALD films of various thick-
nesses that are deposited at various temperatures. Embodi-
ments ol the present invention are not necessarily limited to
the thicknesses and temperatures set forth above. Based on
the teachings of this disclosure, a person of ordinary skill in
L
C

e art would be able to determine appropriate film thickness,
eposition temperature, film material and other parameters
for specific applications without undue experimentation. For
example, 1n order to produce a packaged chip device having
an ALD film that provides a specified level of hermeticity, one
could run tests with ALD films of different thicknesses until
the specified level of hermeticity 1s reached. Similarly, in
order to produce a packaged chip device having an ALD film
that provides a specified level of passivation for electrical
contacts but still allows soldering directly through the ALD
film without having to expose the electrical contacts, one
could run tests with ALD films of different thicknesses to
determine an appropriate ALD film thickness. It1s recognized
that, 1n some cases, 1t may not be possible for an ALD film to
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meet every concetrvable combination of performance goals
for a desired application, but this fact does not in any way
compromise the mvention. Again, it would not take undue
experimentation to perform tests with different ALD film
thicknesses and/or different ALD deposition temperatures in
order to determine whether desired performance goals can be
met.

The present invention may be embodied 1n other specific
torms without departing from the true scope of the invention.
The described embodiments are to be considered in all
respects only as 1llustrative and not restrictive.

What 1s claimed 1s:

1. Apparatus comprising:

a packaged chip device including a chip device packaged in

a package having at least one electrical contact allowing
for electrical connection to the chip device; and

a low-temperature morganic dielectric atomic layer depo-

sition {1lm disposed on an outer surface of the packaged
chip device and covering the at least one electrical con-
tact, the atomic layer deposition film being of a thickness
allowing electrical connection to the at least one electri-
cal contact through the atomic layer deposition film
without having to expose the at least one electrical con-
tact.

2. Apparatus according to claim 1, wherein the chip device
includes an integrated circuit device.

3. Apparatus according to claim 1, wherein the chip device
includes a MEMS device.

4. Apparatus according to claim 3, wherein the MEMS
device includes at least one of:

a MEMS accelerometer; and

a MEMS gyroscope.

5. Apparatus according to claim 1, wherein the packaged
chip device 1s non-hermetic, and wherein the atomic layer
deposition film hermetically envelops the packaged chip
device.

6. Apparatus according to claim 5, wherein the package 1s
plastic.

7. Apparatus according to claim 1, wherein the atomic
layer deposition film passivates the at least one electrical
contact.
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8. Apparatus according to claim 1, further comprising:

a passivation material disposed over the atomic layer depo-

sition film.

9. Apparatus according to claim 8, wherein the passivation
material 1s a self assembling monolayer material.

10. A device or method according to claim 9, wherein the
self assembling monolayer material includes at least one of:

octyltrichlorosilane (OTCS); and

pertluorodecyltrichlorosilane (FDTS).

11. Apparatus according to claim 1, wherein the packaged
chip device includes an opening, and wherein the atomic
layer deposition film covers structure exposed through the
opening so as to protect the structure from exposure to the
external environment.

12. Apparatus according to claim 11, wherein the structure
exposed through the opening include at least one of:

a wire bond pad;

an interconnect;

a circuit; and

a moving part.

13. Apparatus according to claim 11, wherein the chip
device includes a MEMS microphone device, and wherein the
atomic layer deposition film covers an exposed diaphragm of
the MEMS microphone device.

14. Apparatus according to claim 11, wherein the chip
device includes a MEMS pressure sensor, and wherein the
atomic layer deposition film covers an exposed structure of
the MEMS pressure sensor.

15. Apparatus according to claim 11, wherein the chip
device includes a MEMS flow sensor, and wherein the atomic
layer deposition film covers an exposed structure of the

MEMS flow sensor.

16. Apparatus according to claim 11, wherein the chip
device includes a MEMS microswitch, and wherein the
atomic layer deposition film covers an exposed structure of
the MEMS microswitch.

17. Apparatus according to claim 1, further comprising a
substrate, wherein the packaged chip device 1s electrically
connected to the substrate directly through the atomic layer
deposition film.

18. Apparatus according to claim 1, wherein the atomic
layer deposition film comprises alternating layers of Al,O;

and T10,.
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